Abstract − Berries and branches essential oil of Juniperus phoenicea were obtained by electromagnetic induction heating assisted extraction and by hydrodistillation with a yield varied from (1.2 ± 0.3 to 2.4 ± 0.7%) and from (0.6 ± 0.1% to 1.1 ± 0.1%), respectively. forty eight compounds were identified representing (97.2 -99.7%) of the oil. α-Pinene (40.3 − 67.8%) and δ-3-carene (13.5 -26.8%) were the main compounds in berries and branches essential oils. Antioxidant activity was evaluated by three means: inhibition of 2, 2-diphenyl-1-picryl hydrazyl (DPPH) free radical, reducing power and β-Carotene/linoleic acid bleaching. The antioxidant activity of essential oils showed IC 50 ranging from 67.6 ± 1.02 μg/mL to 131.5 ± 0.8 μg/mL for berries and from 98 ± 1.25 μg/mL to 166.8 ± 0.29 μg/mL for the branches. Berries oil show more potent antioxidant activity compared to branches. This result is supported by the three methods investigated in this work.
Introduction
The genus Juniperus (Cupressaceae) includes many native plants of the Mediterranean regions. In the Algerian flora, five species are present: J. oxycedrus L., J. Sabina L., J. thurifera L., J. communis L. and J. phoenicea L. 1 This last is commonly known in North Africa as "Al aar-aar" and a preparation of its leaves and cones is used as a hypoglycemic regulator, whereas the leaves are used against broncho-pulmonary diseases and as a diuretic.
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The J. phoenicea oils of extracted from berries as well as wood are used for the treatment of many diseases like leprosy typhoid and tape worm infections. 3 While the dried and powdered fruit can heal skin ulcers and abscesses. 4 In Algeria, it is best known for its antidiarrheal activity. [5] [6] A lot of reports exists dealing with the chemical composition of J. phoenicea essential oils grown in many countries (Table 1) . J. phoenicea has been characterized by the occurrence of monoterpenes with α-pinene as major constituent, although its proportion varied drastically from sample to sample. [5] [6] [7] [8] [9] [10] [11] [12] [13] The geographical and bioclimatic factors of the region, the extraction process and plant parts used, can partly explain the chemical variability of the J. phoenicea essential oil compositions. Antioxidant activity of essential oils from different juniper species has been established and the potential of these plants as sources of natural antioxidant has been demonstrated. essential oil from this region has never been studied before. This work will contribute to the knowledge of a local product that could improve the use of Algerian Juniperus.
Experimental
General experimental procedures -A pressure cooker (5 L, Chimex, China) was used as container for plant material and water. The EMI heating was performed using hot plate (1800 W, Tristar IK6174, EU). A Clevenger apparatus was used for hydrodistillation. Analyses have been undertaken using GC-FID (Thermo -Trace, Interscience, Belgium), GC/MS operated by HP Chem Station software. All the reference molecules used were from Sigma-Aldrich (Germany).
Plant material -Branches and berries of wild J. phoenecea were collected in the first week of June 2013 in Ain Defla region (-latitude: 36°25' N; longitude: 2°2 1'7" E; Altitude: 365 m). Voucher specimen was deposited in the Herbarium of the Agronomic Department of Djilali Bounaama University of Khemis Miliana. Extraction method -The essential oil was extracted using two different methods, in order to introduce the electromagnetic induction heating assisted extraction as a new extraction approach. Therefore, the yield and chemical composition of J. phoenicea extracted by EMI heating were studied and compared with those obtained by classical hydrodistillation. Hydrodistillation (HD) -100 g of berries and branches (dried at room temperature ~ 20 o C for 10 days) of J. phoenicea were submitted to hydrodistillation with a Clevenger apparatus, and extracted during 1.5 hour. The essential oil was collected by decantation, dried over anhydrous sodium sulfate and stored in closed dark vials at 4 o C until analysis. Electromagnetic induction heating assisted extraction (EMI) -400 g of berries or branches was subjected to extraction. The system was equipped with a pressure cooker (5 L capacity), placed on an induction plate (1800 W), whereas the extraction was carried out in magnetizable conditions. The essential oil was collected by decantation and dried over anhydrous sodium sulfate, and stored at 4 o C in dark glass bottles until use. Essential Oil analysis -10 mg of essential oil was dissolved in 5 ml diethyl ether and analyzed by gas chromatography (GC) and by (GC-MS).
GC-FID analysis -The analysis of the oil was carried out by means of an Agilent technology HP GC 6890 system with a flame ionization detector (FID), using a capillary column coated with 5% phenyl-methylpolysiloxane ( 
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Retention indices (RI) were calculated according to Joulain and König.
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Antioxidant activity determination -Despite numerous and various methods, only one procedure cannot identify all possible mechanisms characterizing a potential antioxidant. Therefore antioxidant activity of J. phoenicea essential oils has been determined by using three complementary assays: inhibition of DPPH free radical (i), reducing power (ii), and β -Carotene/ linoleic acid bleaching (ii).
DPPH assay -The stable 2, 2-diphenyl-1-picrylhydrazyl radical (DPPH) was used. Briefly fifty μL of various concentrations of the samples (from 25 to 100 μg/ mL) in methanol were added to 2 mL of 60 μM methanol solution of DPPH. After an incubation or 30 min at room temperature (20 degrees), the absorbance was recorded at 517 nm. [22] [23] Butylated hydroxyl toluene (BHT) and ascorbic acid were used as positive controls and blanks have been systematically performed. The inhibition percentage of the DPPH radical by the samples was calculated according to the formula:
Where: Ab: is the absorbance of the blank sample and Aa; is the absorbance of the test sample.
The activity was calculated as 50% inhibition concentration (IC50) by plotting the inhibition percentage against the sample concentration. A lower IC 50 value indicates greater antioxidant activity. Tests were carried out in triplicate.
Determination of the reducing power -The reducing power of the essential oils was determined according to the method of Hseu et al. 24 One mL of different concentrations of the samples (from 25 to 100 μg/mL) were mixed with phosphate buffer (1 mL, 0.2 M, pH = 6.6) and potassium ferricyanide [K 3 Fe (CN) 6 ] (1 mL, 1%). The mixture was incubated at 50 o C for 20 min. One mL of trichloroacetic acid (TCA) (10%) was added to the solution, which was then centrifuged for 10 min at 3000 rpm. The supernatant was and mixed with distilled water (1.5 mL) and FeCl 3 solution (150 μL, 0.1%). The absorbance was measured at 700 nm and compared to the standards. Increased absorbance of the reaction mixture indicated increased reducing power. The assay was carried out in triplicates.
β -Carotene/linoleic acid bleaching assay -The β-carotene/linoleic acid test evaluates the inhibitory effect of a compound or a mixture on the oxidation of β-carotene in the presence of molecular oxygen (O2). A mixture of β-carotene and linoleic acid was prepared by adding together 0.5 mg of β-carotene in 1 mL chloroform, 25 μL pure linoleic acid and 200 mg tween 40. The chloroform was then completely evaporated under vacuum and 100 mL of pure Hydrogen peroxide was subsequently added to the residue and mixed to form a clear yellowish emulsion. 350 μL of various concentrations of sample (essential oil, BHT and ascorbic acid; 25, 50, 75 and 100 μg/mL) in methanol were added to 2.5 mL of the above emulsion in test tubes and mixed. The sealed tubes were incubated in water bath at 50 o C for 2 h together with a negative control (blank) containing methanol instead of sample. The absorbance values were measured at 470 nm.
25 Antioxidant activity was calculated as percentage of inhibition (I %) relative to the control using the following equation:
Where: A (β-carotene after 2 h assay) is the absorbance value of β-carotene after 2 h assay remaining in the samples and A (initial β-carotene) is the absorbance value of β-carotene in the beginning of the experiment. The activity was calculated as 50% inhibition concentration (IC 50 ). Each assay was made in triplicate.
Statistical analysis -All assays were carried in triplicates and results expressed as means ± standard deviation. IC50-value (µg extract/ml) is the effective concentration which proves 50% of activity, was calculated for each assay. Statistical comparisons were done with Student's test. Differences were considered to be highly significant at P < 0.01 and significant at P < 0.05.
Result and Discussion
The essential oils of berries and branches of J. phoenicea have been recovered with yields ranging from (1.2 to 2.4%) for EMI heating and from (0.6 to 1.1%) for classical hydrodistillation.
The electromagnetic induction heating assisted extraction showed higher recovery, this innovate process is efficient technique in comparison to hydrodistillation, this efficiency was probably based on the interaction between the speed of the EMI heating and evaporation of the essential oil found in vegetable material.
The results of GC-FID and GC-MS analyses are gathered in Table 2 , This table showed that 48 components were identified in berries and branches oil representing (97.2 -99.7%). α-Pinene (40.3 ± 3.6 -67.7 ± 4.3%) was the major compound in both oils followed by δ-3-carene (13.5 ± 1.5% − 26.8 ± 2.3%) and α-cedrol (1.5 ± 0.6 -7 ± 1.1%). The branches oils were richer in α-pinene than berries. Which consisted mainly of monoterpenoids (hydrocarbons and oxygenated compounds) at (80.6 − 82%). The sesquiterpenoides were presented in berries oils at (15.2 − 16.8%). While branch oils consisted mainly of monoterpenoids and sesquiterpenoids only 9% of the total oil composition. Chemical compositions of essential oils obtained from berries and branches were slightly different. According to the literature, one finds no trace of α-cedrol in J. phoenicea essential oil except that from Egypt with α-cedrol proportion of (31. 23%). 12 In comparison with literature data, the J. phoenicea essential oils compositions were different than those previously investigated Table 1 . [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] This difference can be related with abiotic factors such as specific climate conditions and phenological stages of the collected plants as well as geographical factors such as altitude and nature of the soil.
Higher amounts of hydrocarbon monoterpenes were detected in the J. phoenicea essential oil isolated by EMI heating (79.5 -87.5%) compared to HD (77 -85.6%). Whereas, the oxygenated monoterpenes were present in high proportions in HD (3.6 -4.4%) compared to EMI heating (2.5 -2.6%) essential oil, α-Pinene was the main component in the J. phoencea essential oil but the relative amounts differed for the two isolation methods: (44.81 ± 3.4% − 67.7 ± 4.3%) for EMI heating and (40.3 ± 3.6 -50.5 ± 4.2%) for HD oils respectively. δ-3-carene and α-cedrol were the two other main components in J. phoenicea. The highest proportion of δ-3-carene was found in EMI heating essential oil (13.5 ± 1.5 -26.8 ± 2.3%) compared with HD essential oil (14.5 ± 1.8 -20.1 ± 2.4%) and α-cedrol is more abundant in HD (4.5 ± 0.8 -7 ± 1.1%) against (1.5 ± 0.6 -4.2 ± 1.2%) in EMI heating. Therefore, the EMI heating, highly accelerated the extraction process, without major difference in proportions of compounds. In J. phoenicea from eastern Algeria.
13 Three chemotypes were identified: α-pinene / terpinolene (i), α-pinene / δ-3-carene (ii) and α-pinene / β-phellandrene (iii). The findings of this study show that the chemical composition of our samples belongs to the second chemo type: α-pinene / δ-3-carene with a significant amount of α-cedrol.
The results of the antiradical capacity of J. pheonicea essential oils and of the standards (ascorbic acid, BHT) are expressed as an inhibition percentage of the DPPH radical at different concentrations (25, 50, 75 and 100 μg/ mL). Abilities of the tested samples to scavenge DPPH• were assessed on the basis of their IC 50 values which were inversely related to their antioxidant capacities, (Table 3) . Berries essential oil (IC 50 = 67.6 ± 1.02 μg/mL) has shown a weak antioxidant activity compared to BHT (IC 50 = 18.3 ± 0.8 μg/mL) and acid ascorbic (IC 50 = 14.9 ± 1.7 μg/mL). Similarly, the branches essential oil has also a weak efficiency with an IC 50 = 98 ± 1.25 μg/mL. Therefore, when compared to BHT and ascorbic acid, both oil samples were clearly less effective than these synthetic antioxidants. The low antioxidant activity of the examined oils in DPPH test may be partially due to the dominance of α-pinene (40.3 − 50.5%) and δ-3-carene (14.5-20.1%) which are considered as weak antioxidants. 16 These different results might be due differences in the chemical composition and possible interactions between the volatile constituents. Table 3 shows the plot of reducing power of J. pheonicea essential oils in comparison with ascorbic acid and BHT as standards. At the concentration of 100 μg/ mL, the absorbance values of essential oils are 0.305 and 0.386 for berries and branches, respectively. The berries oil has a reducing activity slightly higher than that the branches. Compared to BHT (9.7 ± 1.23 μg/mL) and ascorbic acid (5.7 ± 0.02 μg/mL), the oil samples were less effective than the standards.
This poor performance can be explained by their chemical profile characterized by a very low content of phenolic compounds generally associated to antioxidant activity.
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The result of lipid peroxidation inhibitory activity of the essentials oils, assessed by the β-carotene bleaching test are shown in Table 3 . The extracts reduced the extent of β-carotene bleaching by neutralizing the linoleate-free radical and other free radicals formed in the system. 25 J. phoenicea essential oils of the branches (IC 50 = 119.2 ± 1.01 μg/mL) and berries (IC 50 = 98.6 ± 1.12 μg/mL) showed moderate antioxidant activity (Table 3 ). Nevertheless they were less efficient than ascorbic acid (IC 50 = 24.2 ± 0.08 μg/mL) and BHT (IC 50 = 99.7 ± 0.02 μg/mL). This activity can be explained by the presence of monoterpenoides indeed the antioxidant activity of an essential oil may be attributed to a complex interaction between different constituents, which may provide additive, synergistic or antagonistic effects, even for those present at low concentrations. 14 
Conclusion
In this study, the EMI assisted heating was presented as an extraction method suitable for essential oil extraction. It resulted a reduced extraction time. Moreover, alteration of essential oil constituents is surely limited in comparison with classical hydrodistillation process (Clevenger apparatus). After 55 min of EMI assisted extraction at 140°C, it was possible to collect almost all the existing essential oils from the three samples with a yield of (1.2 ± 0.3 -2.4 ± 0.7%, w/w), The essential oil of J. phoenicia was rich in monoterpènes belongs to α-pinene / δ-3-carene chemo type with a significant amount of α-cedrol. Overall, the results of the antioxidant activity of the J. phoenicea essential oils evaluated by three various tests indicate that these oils offered limited potentialities as antioxidant. The highest antioxidant activity was exhibited by the berries oil. However, complementary investigations are necessary to assess the effectiveness of this oil in food system. 
